Editor, Journals ASCE Dear Editor:
to these authors and others referenced later in this paper, we acknowledge significant contributions by 170 Shinozuka (2005) , Farrar ( 1994 Farrar ( , 1999 Farrar ( , 2003 , , (b)), Sanayei (1997) , Betti (2004) , 171
Hjelmstad (2009), DeWolf (1999) with their students and collaborators to structural system 172 identification from engineering mechanics, computational mechanics and experimental mechanics 173 perspectives. 174
175
It is a significant accomplishment that the ASCE Committee reached consensus on SIX essential Steps 176 that have to be integrated in a complete and successful St-Id application to an actual, operating 177 constructed system. The integration of these Six Steps would not be in any strict order, depending on 178 the system, problems driving St-Id, etc: 179 180 1. Clearly establish a business case, in conjunction with the drivers and specific objectives for a St-181
Id application and identify any critical constraints that may challenge its success. Collect and 182 evaluate all available legacy data and information including heuristic domain knowledge about 183 the constructed system. Construct an e-warehouse that will serve as a library for all the legacy 184 and new material. Use building information modeling (BIM) and bridge management systems 185 (BMS) to serve as e-libraries. 186
187
As very few owners, consulting engineers, and even large consulting companies may claim 188 successful experiences with technology integration, it is both a challenge and a prerequisite to 189 win an owners' and consulting engineers' support for access to for the St-Id of a constructedsystem. Many owners prefer to delegate professional engineering work to consultants, and a Id application will often have to be approved and supported by the consultant who may be in 192 charge of the inspection, maintenance, repair, or management of a facility. for a newly constructed system similar to a birth-certificate. Documenting the baseline 216 mechanical characteristics is invaluable and in fact essential in the case of performance-based 217 engineering. In the case of innovative financing and project delivery of infrastructures through a 218
Public-Private Partnership (PPP) arrangement, documenting the mechanical characteristics of a 219 system as it changes hands from one party to another provides a strong business case for St-Id. 220
As PPP becomes an increasingly preferred mechanism, we expect to see a much greater 221 emphasis by financiers, owners, concessionaires, and insurers for relying on mechanistic models 222 based on field data. This would become a major driver for increased numbers of state-of-the-art 223
St-Id applications during construction, at commissioning, and after any event that may have an 224 impact on the lifecycle. Finally, some major infrastructure owners and consultants have 225 Applied mechanics experts may worry that such a model cannot represent a structure-295 foundation-soil (SFS) system that may be nonlinear, non-observable and non-stationary. In fact a 296 constructed system is never entirely observable or stationary, and many critical parameters and 297 mechanisms are clouded by not only random but epistemic uncertainty (Oberkampf 2005) . 298 299 Nevertheless, a calibrated and validated physics-based linear model for scenario analysis and 300 decision-making is an essential St-Id tool for addressing structural engineering problems. 301
Structural engineers are well-aware that a constructed system cannot be strictly linear, yet 302 many limit states (e.g. excessive vibration) may occur within the linear performance range. Identifying a model that is complete is a challenge in every discipline. We should ideally explore 326 an infinite space of possibilities then rule out spaces of variables for which the model is not 327 compatible with observations. In fact the best we can do is to find a model that is compatible 328 with measurement data and noise levels as well as with the application. 329
330
We inject some caution: The calibrated or updated model should be a projection of complete 331 behavior on the space of observable signals and information. In that sense it can be dangerous 332 to attempt to apply it to gain new knowledge that it does not contain (Brown 1985) . This is 333 analogous to the danger of extrapolating from data that are only robust to interpolation.
Decision-Making 335
Step 6 involves leveraging the calibrated model for scenario analyses, evaluating, and 336 prioritizing decisions regarding the performance and/or condition concerns, and/or retrofit 337 and renewal design. Critical risks due to probable non-performance of the system at any limit-338 state should be identified in this stage. Critical hazards, vulnerabilities, and probable failure 339 modes need to be identified, validated and documented as an objective overview of the health 340 of a system in order to strengthen the business case for St-Id. worldwide that they should require universities to switch from a culture of structural engineering 368 teaching focusing on designing for new structures to one of maintaining and managing our existing 369
infrastructures. This fits perfectly within the popular ethos of resilience and sustainability. We can also 370
show students and engineers they can have more fun figuring out how an existing structure works than 371 designing a new one. 372
373
It is important to identify requirements for St-Id to provide sufficient payoff. First, the owner/manager 374 of a constructed system should be entirely convinced of the necessity of St-Id for making prudent 375 management decisions. Second, the St-Id team of coordinator and specialists must be available and 376 should possess the empirical-heuristic knowledge that can only come from experience over many 377 decades of field work on actual constructed systems. If these requirements are not met it is best not to 378 expect much from St-Id. Even when the second requirement is met and a large investment is made in 379
St-Id, confidence bounds in identifying such parameters as global flexibility, mode shapes, local 380 deformations, movements and reactions of a large system such as a long-span bridge can only be asgood as 75%-90%. Hence operators/owners are justified to be skeptical, reinforcing the need to identify 382 clearly, situations when a payoff can be had from St-Id: 383 1. When we step outside the bounds of applicability of codes and design for innovative structural 384 forms and/or new construction methods and materials, we have to rely on St-Id to mitigate the risks 385 due to epistemic uncertainty. 386 2. When we have an existing constructed system whose operation is vital for the well-being of an 387 urban region, and the system is exhibiting distresses and performance concerns such as excessive 388 vibrations, cracks, spalls, etc. then St-Id should pay off. 389 3. In the case of constructed systems that may be managed as a fleet, e.g. simple highway overpasses 390 designed and constructed with highly similar materials, St-Id of a select sample may help manage a 391 much larger population more effectively. 392
393
The value in a properly executed St-Id would be a more reliable and complete conceptualization of i) the 394 performance of a constructed system ii) its critical regions and behavior mechanisms (e.g. force paths 395 and kinematics), and iii) its critical loading scenarios and the estimation of its failure modes under 396 extreme events. St-Id would also support formulation of strategies for effectively mitigating 397 performance deficiencies. Given that even well executed St-Id may cost between $50K and $1M 398 depending on the size, complexity and resolution; the potential for saving insurance and replacement 399 costs, the criticality of the functions of a constructed system, and expected lifecycle must all be factored 400 into the cost-benefit analysis when making a business case for St-Id. paradigms, decisions and actions) so that we may get outcomes which we desire such as acceptable 453 performance levels in conjunction with minimum lifecycle cost. The hypothesis is that if we are able to 454 model and identify such a system, with its most critical human, natural, and engineered elements, we 455 may formulate planning, financing, revenue, operational, and maintenance/preservation management 456 policies that may offer an optimum performance of the entire system for maximum lifecycle 457 benefit/cost. Given the considerable debate that is currently ongoing for various financing, revenue, 458 and ownership mechanisms for critical infrastructures, especially regarding the financing of essential 459 infrastructure services, a clear understanding of the system would be invaluable in order to identify 460 cause-and effect relationships that may result from various acceptable options for such decisions. Policy 461 and planning would be founded on a much more realistic and objective understanding of the entire 462 system rather than driven by political convenience. The author(s) warrant(s) that the above cited manuscript is the original work of the author(s) and has never been published in its present form.
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